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Quark counting rules
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R hkin

Hadronic form factors: (1/Q?)"«~—! counting rules

Expectation: some fundamental/easily visible reason

Hard-wall
model

Most natural suspect: scale invariance

Implementation: hard exchange in a theory with
dimensionless coupling constant

QCD: (a,/Q2)"a~1
Suppression: F25(Q?) = 22 . 5, /Q?

so = 4w f2 ~ 0.67 GeV?

Looks like O(«) correction to VMD’s

FAP(Q) ~1/(1+ Q/m3)




Quark counting rules
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Hard-wall @ Known: a;/m ~ 0.1 is penalty for an extra loop

model

@ Growing consensus: pQCD gives small correction

@ dominant contribution comes from soft terms modeled by
GPDs F(z,Q?) with exponential fall-off e=?°9(*) for fixed z:

1 1 2 2A2 2 1 A2 n=l
Q) ~ [ et 4t o ()

~ fn(z)



AdS/QCD & Form Factors
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@ Form factor in AdS/QCD (from Brodsky & de Teramond)

1/A
gl FQ?) = / %«bp (OT(Q, )@ p(0)
0

@ Nonnormalizable mode (for large Q)
J(Q.¢) = (QK1(¢Q) = K(CQ)
@ Normalizable modes: ®(¢) = CC2J. (B kCA) = (2¢(C)

1/A
= F(QP) = / 4¢ ¢ opr(Q)T(Q, C)6p(O)

@ ¢(() satisfies Dirichlet b.c. for z = 1/A
o(¢) is nonzero for z = 0if L = 0 ¢(¢) ~ Jo(Bo.x)]



Hard-wall model for vector mesons
(Erlich et al., Da Rold & Pomarol)
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< " @ AdS; metric with hard-wall

model

1
Hard-wall ds® = = (nm,d:v“dm” — dz2) , 0<z<z=1/A,
@ 5D gauge action for vector field

1
SAdS = —@/dzll‘ dz \/ETI‘ (FMNFMN)
5

@ Field-strength tensor Fyyny = O AN — ONAn — i[Ay, AN]
Ay =A%, t* € SU(2),a =1,2,3; M,N =0,1,2,3, 2

@ AdS/QCD correspondence with 4D field A,,(p)

Au(p.2) = A, (p) L2




Two-point Function

Form Factors

in AS/QCD @ Bulk-to-boundary propagator V (p, z) satisfies

Radyushkin

1
Hard-wall 20, (z 2.V (p, Z)) +p°V(p,z) =0

model

with Neumann b.c. 9.V (p, z9) =0
= gauge invariant condition F},.(z, zo) = 0

@ Bilinear term of the action (after integration by parts)

2 d4 ~ ~ an , 2
i =z [ 040 5577

@ 2-point function (.J,..J,) ~ 625} /6 A#S A,

@ Tensor structure

/ diz €7 (% ()J0(0)) = 6° (1 — pupu/p?) B(p°)



Bound state expansion
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Hard-wall V(p,z) = Pz [Yo(Pz0)J1(Pz) — Jo(Pz0)Y1(Pz)]

model

@ Solution for V(p, z) with Neumann b.c.

@ Two-point function

Yo(PZo)

Z(pQ) 7Tp Y'O(Pz) Jo(PZ) Jo(PZO)

22

z:e%o
@ Kneser-Sommerfeld expansion

Yo(P20)Jo(Pz) — Jo(Pz)Yo(P2)
JQ(PZ())

é f: 'YO nz/%0)
T

P222 _’YO’I’L)

n:l



Bound states
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@ Two-point function is given by sum of poles

2 2 -2 2
Hard-wall 2(p2) _ 21)2 [Jl (WO,n)] = 7p72 1np2
model 9275 = p2 _ M'r% 295

@ Masses: M,, = vo.n/20

@ Positive residues f2 = lim,2_ 2 {(p? — M2) S(p?)}

202

fsz =73 2 72
952597 (0,n)

@ Agrees with the usual definition (0].J5(p5) = 6% fre,

@ Matching with QCD result Lqcp (p?) = —(N./2472) Inp?
fixes gs
g2 = 127* /N,




Three-Point Function
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W 3 €ab 0 dz a v,c
S0 =5 [ e [ Z @z anta
g5 € Z

@ Trilinear term of action calculated on V' (g, z) solution:

@ 3-point correlator (J2(p1)J (—p2)J*(q))
@ Dynamical part has Mercedes-Benz form

- 2o dz V(plaz) V(anZ)
W(pl,pz,q)z/e z Vip,e) Vipa,e)

@ Bound state expansion

T v = -3 )

n=1




Wave functions of v type
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@ Expansion over functions (Hong, Yoon and Strassler)

V2
20J1(Yo,n)

Hard-wall
model

@ Obeying equation of motion with p? = M2
@ Satisfying ¥,,(0) = 0 and 0.,(z9) = 0 at IR boundary

@ Normalized according to

%0 dz 2
| F e -
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model

Shape of v-type wave functions

@ Do not look like bound state w.f. in quantum mechanics



EM current channel
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@ For spacelike ¢ (with ¢* = —Q?)

Ko(Qz0)
Io(Qz0)

Hard v T(@Q,2) = Q= [m(@z) L 1(Q2)

@ Bound-state expansion

fm
Z Qggi iz V()

@ Infinite tower of vector mesons (Son, HJS)

@ Transition form factors

Fur(@®) = /0 T 7@ v w2



Green’s function formalism
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@ Green’s function for equation of motion

p,ZZ an
n=1

kin

R

Hard-wall
model

@ Two-point function

2% = 5[ Lo [Locm= )|
z,2'=e—0

9z

@ Coupling constants

z=0

o = | L0002



Wave functions of ¢ type
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@ Introducing ¢ wave functions
Hard-wall
model

—_

V2
20J1(Y0,n)

My z

@ Give couplings gs f./ M, as their values at the origin
@ Satisfy Dirichlet b. ¢. ¢,(z¢) = 0 at confinement radius

@ Are normalized by

/ZO dz 2 |én ()2 = 1
0



Shape of ¢-type wave functions
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Hard-wall
model

<

_0a2 02 04\06 0871 %
~0.4

@ Are analogous to bound state wave functions in quantum
mechanics

@ Is it possible to write form factors
in terms of ¢ functions!?



Form factors in terms of ¢ functions
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@ Elastic form factor

- P @) = [ ZTQ il
@ Use e.o.m. for J(Q, z) and /¢ connection
6al2) = 375 0n(2) + Ua(2) =~ 0-6a(2)
= Fun(Q?) = / 422 7(Q.2) [6u(2)?
2 [ Ea@aluner
1

- 1+Q2/21\4,%/o dz2.J(Q,2) |én(2)[?




Form Factors

Form Factors

0 AekieD @ Three form factors for vector mesons

Radyushkin
<p+ (p27 6/)|J§M(O)|p+(pl7 €)>
Vector Meson = _61/360‘ [ naﬁ (plf + pg) GI(QQ)
Form Factors o f 1B 9 9
+m*q” = "7 q*)(G1(Q7) + G2(Q7))
1
—anqﬂ(p/f +p5) G3(Q?) ]
@ Hard-wall model gives (also Son & Stephanov, HJS)
_flﬁea [naﬁ (pl + p2)# =+ 2(7704#(]6 - nﬁuqu)] an(Q2)

@ Prediction: G1(Q?) = G2(Q?) = Fn(Q?); G3(Q*) =0

@ Moments: magnetic ¢ = 2, quadrupole t D = —1/M?, same
result as for pointlike meson (Brodsky & Hiller)



+++ Form Factor
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Radyushkin @ +++ component of 3-point correlator gives combination

2y _ 2
Vector Meson f(Q ) - Gl(Q ) +
Form Factors

@ Hard-wall model prediction
Funl@) = [ d227(Q.2) 16,

@ Direct analogue of diagonal bound state form factors in
quantum mechanics

@ For p-meson, F(Q?) coincides with (00) helicity transition
that has leading ~ 1/Q? behavior in pPQCD




Low-Q? behavior

Form Factors

in AdS/QCD @ Free-field version K(Qz) = zQK1(Qz) vs. full propagator

e KO(QZO)}
In(Qz0)

T(Q.2) = Q- [Kl<czz> L 1(Q2)

Vector Meson @ K(Qz) has logarithmic branch singularity
Form Factors
Z2Q2
4

K(Qz) =1 [1 - 1n<@2z2/4>} L OQY

leading to incorrect infinite slope at Q@ = 0
@ J(Q,2) is analytic in Q?

Z2Q2 2’2 4

j(Q7z)‘on<<1 =1-

@ Low-Q? expansion for form factor

2 4

Fi1(Q*) ~ 1 —0.692 7 T 0633 377 + 0(Q%



Comparison with constituent quark model
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CQM uses plane wave approximation =
pector Meson similar to using X(Qz) in AdS/QCD

@ Massless quarks = infinite slope at Q? = 0

@ Constituent masses m, ~ 300 MeV:

place lowest Q-channel singularity at 2m, ~ m,

@ AdS/QCD lesson: use massless quarks and
current operator with Q-channel bound states



Electric Radius
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in AS/QCD @ Electric G¢, magnetic G and quadrupole Gg

Radyushkin

Ge = G1+Q*/6M*Gq, Gy =G1+Gs,

Go = (1+Q*/AM?*)G5—G>.
Vector Meson
Form Factors @ Hard-wall model prediction for electric form factor

2 2 2
(n) 2y _ I—Q F 2:17Q/6M 2
Q* Q*
= GY(Q*) ~1-1.359  H 1428 55+ 0(Q°)

@ Electric radius of p-meson
(r’)c = 0.53 fm®

@ Close to (0.54 fm?) obtained within DSE (Bhagwat & Maris)
and m?2 — 0 limit of lattice calculations (Lasscock et al.)




Vector meson dominance patterns

I_:orm Factors
in AdS/QCD @ Generalized VMD representation (Son, HYS)
Radyushkin
- Fr11 2 - Fm.11

F11(Q2):Zﬁ ) fll(Q):Zﬁ

L= 1+Q2 /M2, = 1+ Q2 /M,
Vector Meson
Form Factors

@ Overlap integrals

2 Ji( VOmﬁ) J1(70 1)
Fm1 _4/ de Yo,mJE (Y0,m ) JE (70,1)

J1(70,m€) JG (70,1€)
fm _ / d 2 s 5
o 0 << Y0,mJ1 (Y0,m) JE (70,1)

@ Relation between two VMD patterns

me,ll
1— M2 /202

Fm,ll =



Low-Q? Sum Rules
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in AdS/QCD Charge Sum Rules

Radyushkin
00 0o
E Fpu=1, E Fma1=1
m=1 m=1

For F11:1=1.237 —0.239 4+ 0.002 + . ..
For F11: 1 =10.619 + 0.391 — 0.012 + 0.002 + ...

Slopes are given by sums

Vector Meson
Form Factors

i mell/an or i fm,ll/MEn

m=1 m=1

For Fi1:1.192 = 1.237 — 0.045 + . ..
For Fy1: 0.692 = 0.619 + 0.074 — 0.001 + . ..
Two-resonance dominance (also HYS)



Large-Q* Sum Rule
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@ Asymptotically F1;(Q?) is suppressed by 1/Q? compared to
F11(Q?) since

R kin

F11(Q?)
ae— Fu(Q) = ——5 572
B T+ @2/

@ Known: 71, (Q?) ~ M2/Q? (SJB/GAT, AR.)

@ Superconvergence/conspiracy (HYS) relation

—5 Fr1 =0
> i

@ Numerically: 0 = 1.237 — 1.261 4+ 0.027 + . ..
(agrees with HYS)

@ Again, sum rule is saturated by first two states



Large-Q? behavior of F;1(Q?)
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Radyushkin @ Asymptotic normalization of F;1(Q?) given by

M}

QQ

with A = 2.566 (A.R.) strongly exceeds naive VMD
expectation A =1

1 &
2 —
S M2F,u=A
Vector Meson Q ‘
m=

Form Factors

@ Numerically: 2.566 = 0.619 + 2.061 — 0.150 4+ 0.054 + . ..,
result is dominated by second bound state

@ Sum rule

S MEFwn = O [ do Ki(x) = 20O

m=1



Soft-Wall model
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Radyushkin @ Take model with 22 barrier (Karch et al.)

@ Equation for bulk-to-boundary propagator V (p, z)

1 1
z z

Soft-Wall
model

@ Solution normalized to 1 for z = 0:

1
V(p,z) = a/ dzz® ! exp {— x
O ].

KJ22’2
— x ’
where a = —p?/4k?. Integrating by parts:

1
dx x

V(p, Z) = H222/ W x¢ exp |:— 1 - K,222:|
0 — —




1» Wave Functions
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@ Generating function for Laguerre polynomials L} (x222
Radyushkin

1 2.2 = 1 2.2
m exp |: z :| = T;) Ln(/ﬁ: z
Soft-Wall @ Representation analytically continuable for a < 0

model

oo
2 _ g5fn
—/{Z Za+n+1 :OMEL_p2¢n(Z)

has poles at locations p? = 4(n + 1)k? = M2

@ ¢ wave functions

Yn(2) = 22 2




¢ Wave Functions
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Radyushkin @ Coupling constants

1
g5fn ; e—n222 azwn(fz) =V 8(n + 1):%2
z=€e—0
Soft-Wall @ ¢ wave functions
model
1 2

~ M~ e =¥ ()

= me_”222 L?l (/@222)

do(2) = V2 hi(2) = V2e T (1 - K222)

@ Inverse relation between 1 and ¢ wave functions



Form Factors
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0 AekieD @ Normalization conditions (with k = 1)

Radyushkin
| deze ) one) = G
0

Soft-Wall
model

/ T 42267 $un(2) n(2) = buam
0

@ Elastic form factors

2\ __ OO% —22
@)= [ ZePTQ o
2
:71+Q2/2M72L/0 dzze” J(Q,z)|pn(2)]

1
= 15 gzm T (@)



p-Meson Dominance

Form Factors
in AdS/QCD @ Form factor of the lowest state
R hkin

Foo(Q —2/ dzze % J(Q,2)

@ Using representation for 7(Q, z) with a = Q?/4 gives

Soft-Wall 1 1

e FoolQ) = T T TR
0

@ Exact vector dominance is due to overlap integral
Fm,00 = 2/ dz23e L (2%) = 6mo
0

@ For Fyo(Q?) two states contribute

1 2 1

Foo(Q?) = A+a)1+a/2) 1+Q2/MZ 1+Q%/M?




Electric Radius in Soft-Wall Model

Form Factors

in AdS/QCD @ Small-Q? expansion for electric form factor
Radyushkin 5 Q2 4
3MZ M
@ Electric radius of p-meson
(r’)c = 0.655 fm®

Soft-Wall
model

@ Larger than in hard-wall model (0.53 fm?)
@ For higher excitations, the slope

d Sn

B7aY) an 2 =—7
dQ2 (Q ) szo Mg
increases logarithmically
2 5
~1 1 -
Sp~In(n+1)+ 3+ s 1)

@ While size increases linearly (r2) ~ n/m?

Go(@) = |1- 57m +225 + 0(Q%)



Large-Q* behavior

Form Factors 2 .
in AdS/QCD @ Large-Q° behavior of F form factor
R kin

Funl@) = [ d227(0.2) 00212402
0
@ follows from J(Q, z) — 2QK1(2Q) = K(2Q) as Q — oo
and £(2Q) ~ e~*9, so that only z ~ 1/Q work

Soft-Wall
model 2(1)2 0
nn Q2 2 Kl Q( )
@ In hard-wall model:
V2M, 2.56m?2
(' (0) = ——L—= ~ 1133 M,=F)' - ——2F
0) = 70,11 (70,1) (@) Q?
@ In soft-wall model:
mg

P5(0) = 0.707 M,=F5(Q%) —

&\i

QQ



Action including xSB
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in AdS/QCD @ Full action of hard-wall model
R hkin

3
SR = Tr/d4 / dz [ (DM X)) (D X) + Z—5XTX
- 89 —— (Bl Biymn + Bg) Birymn)

Ty (] DX:QX—Z'B(L)X—I-Z'XB(R),B(LR) =V +A,

Factor X(z,2z) =v(2)U(z,2)/2,

Chiral field: U(z, z) = exp [2it*n*(z, 2)], t* = 0%/2

Pion field: 7% (z, z)

v(z) = (myz + 02%) with m, ~ quark mass, o ~ condensate

@ Longitudinal component of axial field

Ay (2, 2) = Oy (, 2)

gives another pion field ¢*(x, z)



Pion wave function ¥
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in AdS/QCD @ Model satisfies Gell-Mann-Oakes—Renner relation m?2 ~ m,
D @ Chiral limit m, = 0, then 7(2) = -1
@ Analytic result for ¥(z) = ¢(z) — m(z) (Da Rold & Pomarol)

! oz
(z) ==2T'(2/3) (a> o [1_1/3 (0423) =13 (az3) M

2 o3 ()
Pion Form where a = 950/3
e @ U(z) satisfies ¥(0) = 1, Neumann b.c. ¥/(z;) = 0 and
1 1
fg =—— < 0,¥(z )
gg z ( ) z=€e—0
W((, a)
N a=0
W) - v(Ga) o =0
= 0.6
C=2/2 04 a=2.26
a = oz o P

0z 04 06 o8 Y a =-10



Pion wave function ®
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in AdS/QCD @ Conjugate wave function

@ Asusual, so = 472 f2 ~ 0.67 GeV?
@ Analytic result for ®(z) — ¢(¢, a)

Pion Form 3 <2 a4/3
Factor ¢(C7 ) 2f2 |: :| 21/3

@ d(z) satisfies ®(0) = 1 and Dirichlet b.c. ®'(z) =0

12/3@]

{ I3 (CLC ) 123 (a(:3) I_33(a)

¥, a)
| a=0
®(2) = ¢(¢,a) 08 =1
(=2z/7 o a=2.26
— 3 y
a =tz 02 a=5

02 04 06 08 L° a=10



Parameters of model
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@ 2 is fixed through p-meson mass: 2y = 2§ = (323 MeV) ™!
@ From ®(0) = 1, it follows that

. 91/3 ['(2/3) I3 (0‘758) o2/3

202
95Ix =3 2R 3) Ty g (0

Pion Form
Factor

@ Experimental f, is obtained for a = (424 MeV)?
@ Then a = a2 equals 2.26 = ag

@ Note: Iy/3(a)/1_5/3(a) = 1fora 21
= value of f is basically determined by « alone



Pion Form Factor
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@ Interms of ¥(z):

FHQ%-gégéoﬁzj@x)

2 2,2
<az\11) 4 gsv \:[12(2)
z

24

@ Normalization can be checked from
Pion Form
Factor

F@) =~ [ d: 720, (¥ 0(:)

that gives



Pion Charge Radius
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in AJS/ACD @ Pion charge radius for small « is determined by z,
Radyushkin

(rz) = gzg {1 - C‘; +O(a4)}

@ Pion charge radius for large a = a2

_ r(1/3) [1\** 2 a

Pion F 2 N —— = =

Faior (o)l 5, = 2730 (2/3) (a) trgh <0.566)

@ a-dependence in fm? for zy = 2§

> Experimentally
p (r2) ~ 0.45 fm?
0;‘5* Model value
"0 (r2)|a=2.96 ~ 0.34 fm?
y is too small

0.25




Pion Charge Radius
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@ Interms of f,:

3 1 azd
2 _ 0
Ul os = 22z F o <2.54)

Pion Form @ Compare to Nambu-Jona-Lasinio model

Factor
2
mO’

3 1
(MPNL=s55+t5z|( —=
T 2m2f2  8m2f2 m2
—_—— —,

0.34fm? 0.11fm?



Form Factors
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R kin

Pion Form
Factor

Pion Form Factor at Large Q?

@ Form factor in terms of ¥(z) and ®(z):

Q) = [ 423 | + 9?2y
0 HE:
Q* Fx(0Y)
o @ Total (in GeV?)
04 @ P2 term
o @ U2 term

2
510 15 209

@ For large @, only z ~ 1/Q work:

22/20%(0) _ 4nf2 _ s
2 Q2 @

Fﬂ(Qz) -




Pion

Form Factors
in AdS/QCD

Form Factor

Fr(Q)/F:™™(0%)

12
Radyushkin (* ] Mon0p0|e 115
interpolation: 1 ]
1 1.05
Fmono(QQ) — ,
" 1+ @Q?/so 20 40 60 80 1002
@ Comparison with experiment
Pion Form
Factor «
o * Amendolia w+e elastics
<4 + Ackermann (DESY)
075 I 4 Brauel (DESY)- Reanalyzed _____.vi
| JLab 1997 e ADS/CFT (hard) .
i ® pQCD:
05 - ADS/CFT (soft)
. 2005 S
pQCD (2 s . 20
0.25 FTr (Q ) - m Q2

S —
—hard QCD (Bakulev)

0 1 2 3 4 5 6

@ [(GeV/c))]

~ 0.2 F:dS/QCD(QQ)



Anomalous Amplitude
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@ 7Yy*y* form factor

/ (0, DIT { g () T (0)} [0)e =012

= et ﬁq1o¢q2[3 *y* 70 (QlaQQ)

P =q + g2 and Q%,z = _Q%,Z
Anomalous . N )
Amplitude @ For real photons in QCD is fixed by axial anomaly

Ne

Fyyero(0,0) = T35




Extending AdS/QCD Model

Form Factors

I AdSHeeD @ Need to have isoscalar fields = gauging U(2), @ U(2)r

Radyushkin

BN
BM:t“Bg+17

@ 4D currents correspond to following 5D gauge fields

Jl’f’a(x) — AZ(x, z)
‘]/EIZO}(:E) - VH([E, z
Anomalous

Amplitude J,Elzu’a(x) - V;(xa z)

~—

@ Need Chern-Simons term

N,
SEIIB) = k gg 5P Tr / d*z dz (0.8B,) [J-‘,,,,B(, + Byfpg}

(axial gauge B, = 0)



Chern-Simons term

Form Factors

in AdS/QCD @ Take SASS(BL, Br] = Ségs) [BL] — S((j3s) [Br]
Radyushkin with BL R = =V+ A and keep Only AHU - Uwa

GAdS k% Wpo/d“x{—[w“(apvﬁ) (&,Vy)]

zZ=Zz0
+ 3 [z 0.0 (01;) (a(,f/y)}
0
@ After adding compensating surface term
plstviey gsuom e [ dts / = (0.4%) (3, (2,72
@ Structure similar to mwp interaction term
Ncg ro a a
Lrwp = WGH P7(0up)) (Bawp) (1)

in hidden local symmetries approach
(cf. Fujiwara et al., Meissner)



Conforming to QCD Anomaly

Form Factors

in AdS/QCD @ “Bare” form factor
R kin

k [*
Ko (QF,Q3) = —5/ T(Q1,2)T (Qa, 2)0.0(2) dz
0
@ QCD axial anomaly corresponds to K*?P(0,0) = 1

@ Calculation for “bare” form factor gives

ko[ k k
Konno(0,0) = =3 [ 0:0(z) dz = = S () = 5 1= ¥(a0)
Amplitude 0
@ On IR boundary z = zp:
V3T (2/3) /1 \Y°
U (20, a) = ﬂzfg(/a)) <2a2> — (2,0 = 2.26) = 0.14

Artifact of hard-wall b.c.




Model for Anomalous Form Factor

Form Factors
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@ Take k = 2 and add surface term

K(Q1,Q3) = T (Q1,20)T (Q2, 20)
/ T(Q1.2) T (Q2,2) 0.0(2) dz

@ Extra term rapidly decreases with ; and/or @,
Anomalous
Amplitude 1

j(Q, ZO) = IO(QZO)

@ Effects of fixing ¥(zy) # 0 artifact are wiped out for large Q1 -



One real and one highly virtual photon

Form Factors
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@ For large Q; and/or Q-
K(Q1,Q3) ~ %0/ " Q1,2 T (Qa,2) B(2) 2 d=
0

@ One real photon:

K0.0%) ~ 500 [Tl s = 5

Anomalous

Amplitude @ In pQCD:

1
CD(y A2y S0 ex(x) S0

@ Coincides with AdS/QCD model if I¥ = 3,
e.g., for ¢, (z) = 62(1 — z) (asymptotic DA)




Equal large photon virtualities

Form Factors
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Radyushkin @ For Iarge Ql and/or QQ

K(Q1,Q3) ~ %0/0 0 J(Q1,2)T (Q2,2) ®(2) zdz

@ Equal photon virtualities:

@(0)80
Q2

50

=30

K(Q.Q%) — /0 v K )

Anomalous

Amplitude

@ pQCD result does not depend on pion DA

1
QCD(H2 H2) _ 50 or(z) dz _ S0
w (Q’Q)_3/o 2Q* + (1 -2)Q* — 3Q?

@ and coincides with AdS/QCD model!




Non-equal large photon virtualities

Form Factors
in AdS/QCD

Radyushkin @ Take Q% =

(1+w)Q? and Q3 = (1 — w)Q?
@ Leading-order pQCD gives in this case

on(x)de "
3Q2/0 14+ w2z —1) *@I )

@ AdS/QCD model gives

EPOP(Q1,Q3) =

Anomalous 30

Amplitude
ZQ2

V1 wQ/OOdXX?’Kl(X\/l—|—w)K1(X\/1—w)

= (302 {as oo (2]}

@ {...} coincides with pQCD I%¢(w) for p(z) = 62(1 — x)




Comparison with data

Form Factors
in AdS/QCD

Radyushkin

@ Brodsky-Lepage interpolation

1
KPH0,Q%) = WQ/SO )

@ Our model (red) is very close to BL interpolation (blue)

0°K (0.0%) (GeV?)

Anomalous

Amplitude

ZGVZ
> 2 6 s 102 @V

@ CLEO data represented by black dash-dotted line
@ NLO pQCD fits data. Fits give DA’s with I¥ ~ 3



Summary

Form Factors

in AdS/QCD @ Form factors of vector mesons:

Radyushkin @ Charge radius agrees with DSE and lattice calculations

@ Lessons for constituent quark models

© (00) light-front helicity form factor F(Q?) indeed
behaves like 1/Q? for large Q>

© Existence of GVMD representation has nothing to do
with asymptotic large-Q? behavior

@ Exact p-dominance for F(Q?) in soft-wall model

@ Pion form factor
@ Charge radius too small compared to experimental
Summary © Large-Q? asymptotics is so/Q? vs. pQCD (2a,/7)s0/Q?
© Overshoots data: AdS/QCD pion is too small again
@ Anomalous amplitude
@ Extensionto U(2)r ® U(2)r and Chern-Simons term
@ Fixing normalization by conforming to QCD anomaly
© Large-Q? behavior coincides with pQCD calculations for
asymptotic pion DA
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